' Appln. No. 09/716,356 
Amd. dated November 12, 2003 
Reply to Office Action of May 19, 2003 

REMARKS 

The Office Action and the cited and applied references 
have been carefully studied. Claims 1, 2 and 4-9 are allowed. 
Claims 1, 2, 4-9, and 18-52 presently appear in this application 
and define patentable subject matter warranting their allowance. 
Reconsideration and allowance are hereby respectfully solicited. 

Attached hereto are copies of Ref s . AN (XP002024314 ) 
and BG (Japan Abstract 052793 76) , which appear to be the same, 
requested by the examiner in Paper No. 12 to forward prosecution 
because the references were not found in USPTO files. 

Claims 18, 20, 21-57 have been rejected under 35 U.S.C. 
§112, first paragraph, because the examiner states that the 
specification, while being enabling for a composition comprising 
SEQ ID NO: 6, or for derivatives thereof varying from SEQ ID NO: 6 
by one amino acid residue, does not reasonably provide enablement 
for a composition comprising any homologue of the sequence. This 
rejection is respectfully traversed. 

As the examiner stated, the present specification 
discloses two interf eron-gamma inducing polypeptides. One of 
them has the amino acid sequence of SEQ ID NO : 6 , wherein amino 
acid residue 73 is lie, and the other has the amino acid sequence 
of SEQ ID NO: 6 wherein the amino acid residue 73 is Thr. The 
specification from page 9, line 13 to page 10, line 15, further 
discloses a polypeptide as defined in claims 18 and 20, which has 
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a "homologous sequence" of SEQ ID NO: 6. Applicants therefore 
believe that the subject matter as defined in claims 18 and 20 
are literally supported by the specification. 

Furthermore, even though the specification discloses 
only two kinds of "homologous sequences", one of skill in the art 
could easily obtain other "homologous sequences" of SEQ ID NO: 6 
based on the information about the consensus sequence between SEQ 
ID NO: 6 and SEQ ID NO : 4 and being guided by the molecular weight, 
isoelectric point and biological activity as defined in claim 18. 

The examiner states in the paragraph bridging pages 5 
and 6 of the Office Action that while a skilled person may feel 
that the sequence region comprising residues 97-113 is likely to 
be necessary for protein function, an IGIF homologue and an 
isoform thereof described in WO 98/10072 lack the region, and 
thus, what one of ordinary skill in the art may have recognized 
as necessary for protein function from the presently disclosed 
sequences is unpredictably disclosed as unnecessary. With due 
respect to the examiner, the examiner's position here is 
incorrect. It is an isoform of rat IGIF , i.e., IL-18Q?, disclosed 
at pages 7-8 of WO * 072 that lacks the consensus sequence (the 
sequence region comprising residues 97-113) . It should be noted 
however that the rat IL-18 (as opposed to rat IL-lSof) disclosed 
at page 6 of WO *072 having an amino acid sequence of SEQ ID NO: 2 
does indeed comprise the consensus sequence (the sequence regions 
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comprising residues 97-113) . Accordingly, it is believed that WO 
' 072 cannot be used as evidence to deny that the sequence region 
comprising residues 97-113 as a consensus sequence between SEQ ID 
NO: 6 and SEQ ID NOA is necessary for protein function. 

Moreover, the fact that an isof orm of rat IGIF 
disclosed in WO ' 072 lacks the sequence region comprising 
residues 97-113 indicates that other isoforms can be exist in 
which even a part of the region may be replaced with other amino 
acid residues . 

Attached hereto is a Schematic Diagram of an amino acid 
alignment between the four amino acid sequences, i.e., SEQ ID 
NO:6 (human IL-18), SEQ ID NO : 4 (mouse IL-18) , SEQ ID NO : 2 of 
WO »072 (rat IL-18) and SEQ ID NO : 4 of WO '072 (rat IL-lBof) . 
Please note that amino acid residues 1-36 of SEQ ID NO: 2 of 
WO »072 (rat IL-18) and SEQ ID NO: 4 of WO '072 (rat IL- 18q!) 
have been excluded from this comparison because they are leader 
peptides and not part of the mature protein. From the attached 
Schematic Diagram, it is understood that the four amino acid 
sequences (i.e. human IL-18, mouse IL-18, rat IL-18 and rat 
IL-18Qf (an isoform of rat IL-18)) have several consensus 
sequences. With regard to consensus sequences, it should be 
noted that a technique for obtaining a polypeptide having a 
certain function by binding plural consensus sequences had been 
known to those of skill in the art at the time the present 
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application was filed. Derivatives of interf eron-o? obtained in 
the beginning of the 1980 's are some examples (See for example 
U.S. Patent Nos. 4,695,623; 5,541,293; 5,661,009). 

In short, even if the specification does not teach 
which amino acid residues of SEQ ID NO: 6 can be replaced with 
other amino acid residues to obtain homologues of human IL-18, 
one of skill in the art would be able to readily obtain various 
homologues of SEQ ID NO:6 (i.e., human IL-18) based on the 
teaching in the specification from page 9, line 13 to page 10, 
line 15, along with information about consensus sequences between 
SEQ ID NO: 6 (human IL-18) and SEQ ID NO: 4 (mouse IL-18) and the 
state of the art at the time the application was filed. The 
polypeptide as defined in claim 18 can be easily screened from 
the various homologues of SEQ ID NO : 6 obtained, in the light of 
physicochemical properties (2) to (4) as recited in claim 18. 
Only routine experimentation is required to obtain the 
homologues . 

Reconsideration and withdrawal of the rejection are 
therefore respectfully requested. 

Claims 18, 20, 21-52, and 53-57 have been rejected 
under 35 U.S.C. §112, first paragraph, as containing subject 
matter which was not described in the specification in such a way 
as to reasonably convey to one skilled in the relevant art that 
the inventor (s), at the time the application was filed, had 
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possession of the claimed invention. This rejection is 
respectfully traversed . 

Applicants point out that additional homologues are 
disclosed in the specification. For instance. Example 7-3, on 
page 56, discloses a homologue in which two amino acid residues 
are added to the N- terminus of the amino acid sequence of SEQ ID 
NO: 6, and on page 89, lines 16-19, a homologue with one amino 
acid residue added to the N-terminus of the amino acid sequence 
of SEQ ID NO: 6 is disclosed. 

In addition, the applicants believe that the state of 
the art at the time the present application was filed should be 
taken into account when considering if the subject matter was 
described in the specification in such a way as to reasonably 
convey to one skilled in the relevant art that the inventors had 
possession of the claimed invention. As to the state of the art, 
the applicants would like to point to the publications cited at 
page 34, first paragraph, of the present specification and U.S. 
Patent Nos . 5,78 9,199 and 5,878,373, relevant pages of which are 
attached hereto. A copy of another publication, "MOLECULAR 
BIOLOGY OF THE GENE", by James D. Watson et al . , The 
Benj amin/Cummings Publishing Company, Inc., 1987, pp. 222-231, 
444-446 is also attached hereto to show the state of the art at 
the time the present application was filed. From these 
publications, it would be easily understood that it was routine 
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work for one of skill in the art at the time the present 
invention was made to prepare homologues retaining the same 
biological activity as the original polypeptide if the amino acid 
sequence of the polypeptide is given. 

The present specification does indeed disclose some 
examples of homologues as well as the amino acid sequence of the 
original polypeptide. Applicants therefore believe that the 
subject matter of the claimed invention was described in the 
specification in such a way as to reasonably convey to one 
skilled in the relevant art that the inventors had possession of 
the claimed invention. 

Reconsideration and withdrawal of the rejection are 
therefore respectfully requested. 

Claims 18, 20, 21, 24, 27 and 28 have been rejected 
under 35 U.S.C. §102 (e) as being anticipated by U.S. Patent No. 
5,912,324, issued to Okamura et al . This rejection is 
respectfully traversed . 

The mouse IL-18 disclosed in U.S. Patent '324 as can be 
seen from the comparison/amino acid sequence alignment (Schematic 
Diagram) attached hereto as SEQ ID NO: 4 (sequence labeled B) in 
the present application (and as SEQ ID NO:2 in '324), has several 
internal deletions or insertions (not merely substitutions) 
relative to the human IL-18 amino acid sequence of SEQ ID NO : 6 
(sequence labeled A) . However, as recited in claim 18, additions 



Page 16 of 19 



' Appln. No. 09/716,356 
Amd. dated November 12, 2 0 03 
Reply to Office Action of May 19, 2003 

and deletions are only made from the N-terminus and/or C- 
terminus . Therefore, the mouse IL-18 of U.S. Patent '324 is 
excluded from being a homologue of SEQ ID NO: 6 as defined in 
claim 18 and U.S. Patent '324 cannot anticipate the presently 
claimed invention. 

Reconsideration and withdrawal of the rejection are 
therefore respectfully requested. 

Claims 18 and 20 have been rejected under 35 U.S.C. 
§102 (e) as being anticipated by Joh et al . , WO 98/10072. This 
rejection is respectfully traversed. 

Similar to what is discussed above in the §102 (e) 
rejection over U.S. Patent '324, Joh discloses rat IL-18 and rat 
IL-18Q:, which are presented as sequences C and D, respectively, 
in the comparison/amino acid sequence alignment (Schematic 
Diagram) attached hereto and which clearly have internal 
additions or deletions relative to the human IL-18 amino acid 
sequence of SEQ ID NO: 6 (sequence labeled A) . As such internal 
additions and deletions are excluded from the homologues rejected 
in claim 18, Joh et al . also cannot anticipate the presently 
claimed invention. 

Reconsideration and withdrawal of the rejection are 
therefore respectfully requested. 

Claims 21-23, 25, 26, and 28-52 have been rejected 
under 35 U.S.C. §103 (a) as being unpatentable over U.S. Patent 
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No. 5,912,324, issued to Okamura et al . This rejection is 
respectfully traversed . 

The present application, which was filed after November 
29, 1999, is commonly owned with U.S. Patent No. '324. Pursuant 
to 35 U.S.C. §103 (c) , a U.S. Patent that is commonly owned with 
an application filed after November 29, 1999, is not available as 
prior art under 35 U.S.C. §102 (e) /103 (a) against that 
application. Therefore, U.S. Patent '324 is not available as 
prior art under §103 (a) and cannot make obvious the presently 
claimed invention. 

Reconsideration and withdrawal of the rejection are 
therefore respectfully requested. 

Claims 18, 20, 21, and 2 6 have been rejected under 3 5 
U.S.C. §103 (a) as being unpatentable over Zhou et al . , J. 
Immunol . 155:785-795, in view of Okamura et al . , Nature 378:88- 
91. This rejection is respectfully traversed. 

The homologue taught by Okamura is the same mouse IL-18 
as disclosed in U.S. Patent '324 discussed above in the §102 (e) 
rejection over '324. Accordingly, such a mouse homologue cannot 
lead one of ordinary skill in the art to the presently claimed 
homologues which do not have any internal additions or deletions 
relative to the human IL-18 of SEQ ID NO: 6. 

Reconsideration and withdrawal of the rejection are 
therefore respectfully requested. 
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In view of the above, the claims comply with 3 5 U.S 
§112 and define patentable subject matter warranting their 
allowance. Favorable consideration and early allowance are 
earnestly urged. 

Respectfully submitted. 



BROWDY AND NEIMARK, P.L.L.C. 
Attorneys for Applicant (s) 




Allen C. Yun 
Registration No. 37,971 
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1/1 - (C) VPI / DERVENT 
AN - 93-374598 ^47 1. 
AP - JP9 10222423 910808 
PR - JP910222423 9-10808 

TI - IFN-gamma induction active substance havLng. in=vivo 

antitumour activity - obtd. by sepg. antigen substance 
from Streptocnyces haeraolyticus prepn. , purifyxng usxng 
affinity chromatography etc. 

GAMMA INDUCTION ACTIVE SUBSTANCE IN-VTVO ANTITUMOUR 
ACTIVE OBTAIN SEPARATE ANTIGEN SUBSTANCE STREPTOKYCES . 
HAEm6lYTICUS PREPARATION PURIFICATION AFFINITY 
CHROMATOGRAPHY 
PA - (SATO/) SATO M ' ^ 

PN - JP5279376 A 931026 DW9347 C07G17/00 006pp 
ORD - 1993-10-26 . - ^ ^ 

IC - A61K37/66 ; C07G17/00 ; C12N5/20 ; C12N15/06 ; 

C12P21/08 ; (C12P21/08 C12R1:91) 
FS -CPI 

DC B04 D16 - ■ 

AB - J05279376 INF-gamraa induction active substance CI J has 
■ the following properties: (1) mol.wt. of 70 kilodalton; 
and (2) reactivity with monoclonal antibody TS-2, The 
inducing activity of IFN-gamma is not inactivated by 
(1) heat treatment of 56 deg.C for. 30 mins . , (2) 
treatment by Pronase-(0.2 mg/ml) at 37 deg.C for 1 hr. , 
(3) treatment by Neuraminaidas e (0.5 lU/ml) at 37 deg.C 
for 2 hrs., or (4) . treatment by 0.15M NaCl-ammonia (pH 
11)' it is 'inactivated by (5) treatment by 50 mM 
periodic acid at 4 deg..C for 2 hrs., and (6) treatment 
* by 0.2K glycine-HCl (pH 2.5). In the prepn. of (I) from 
a glyco lipid specimen extracted from Streptococcus ■ 
• haemolyticus .prepn^ (OK-432) >using butanol by 

Morrison's 'method, an antigen substance TS-2 recogn^ised 
by a monoclonal antibody against OK-432, is sepd. and 
• > purified by using an affinity chromatography contg. 
TS-2 as the ligand. The purified specimen is 
fractionated to'.25' fractions in a Sephacryl S-300 
column and the substance corresp. to fraction 8 is 
collected. 

- USE/ ADVANTAGE - The new substance has antitumour 
activity in vivo.. 

- In an example, a soln. of 50 kg of OK-432 in 5 ml 
physiological saline soln. was mixed with 5 ml 
1-butanol. The mixt.. was centrifuged. 20 microg/ral of 
Pronase was added to the aq. layer and reacted at 37 
deg.C for 24 hrs. The reaction mixt. was centrifuged 
and the supernatant was dialysed against PBS to give a 
glycolipid specimen (OK-PS). Monoclonal antibody TS-2 
was prepd. from Balb/c mouse immuned by OK-432. Antigen 

. substance recognised by TS-2 was sepd. and purified to 
give-OK-PSA. OK-PSA was fractionated to 25 fractions. 
Fraction 8 extends the living period of mouse infected 
by KSG cell. (Dwg.0/0) 
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AP - JP910222423 910808 

PR - JP910222423 910808 ... 

TI - IFN-gamma induction active substance having in=vivo antitumour 

activity - obtd. by sepg. antigen substance from Streptomyces 

haemolyticus prepn. , purifying using affinity chromatography etc. 
it - GAMMA INDUCTION ACTIVE SUBSTANCE IN-VIVO ANTITUMOUR ACTIVE OBTAIN 

SEPARATE ANTIGEN SUBSTANCE STREPTOMYCES HAEMOLYTICUS PREPARATION 

PURIFICATION AFFINITY CHROMATOGRAPHY 
PA - ( SATO/ ) SATO M 

PN' - JP5279376 A 931026 DW9347. C07G17/00 006pp 

IC - A61K37766 ; C07G17/00 ; C12N5/20 ; C12N15/.06 ; C12P21/08 ; (C12P21/08 
C12R15 91) 

AB - J05279 376 INF-gamma induction active substance (I) has the following 
properties: (1) mol.wt. of 70 kilodalton; and (2) reactivity with 
monoclonal antibody TS-2. The inducing activity of IFN-gamma is not 
inactivated by (1) heat treatment of 56 deg.C for 30 mins . , (2) 
treatment by Pronase (0.2 mg/ml) at 37 deg.C for 1 hr. , (3) treatment 
by Neuraminaidase (0.5 lU/ml) at 3 7 deg.C for 2 hrs . , or (4) treatment 
by 0.15M NaCl-ammonia (pH 11); it is inactivated by (5) treatment by 
50 mM periodic acid at 4 deg.C for 2 hrs., and (6) treatment by O . 2M 
glycine-HCl (pH 2.5). In the prepn. of (I) from a glycolipid specimen 
extracted from Streptococcus haemolyticus prepn. (OK-432 ). using 
butanol by Morrison's. method, an antigen substance TS-2 recognised by 
a monoclonal antibody against OK-432, is sepd. and purified by using 
an affinity chromatography contg. TS-2 as the ligand. The purified 
specimen is fractionated to 25 fractions in a Sephacryl S-300 column 
and the substance corresp. to fraction 8 is collected. 

- USE/ADVANTAGE - The new substance has antitumour activity in vivo . 

- In an example, a soln. of 50 kg of OK-432 in 5 ml physiological saline 
soln." was mixed with 5 ml 1-butanol . The mixt. was centrifuged. 20 
microg/ml of Pronase was added to the aq. layer and reacted at 3 7 
deg.C for 24 hrs. The reaction mixt. was centrifuged and the 
supernatant was dialysed against PBS to give a glycolipid specimen 
(OK-PS). Monoclonal antibody TS-2 was prepd. from Balb/c mouse immuned 
by OK-432. Antigen substance recognised by TS-2 was sepd. and purified 
to give OK-PSA. OK-PSA was fractionated to 25 fractions. Fraction 8 
extends the living period' of mouse infected by HSG cell. (Dwg.O/O) 
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Figure 8-10 

Last steps in the pathway of trypto- 
phan biosynthesis. 



tial biological activity (they are said to be leaky) and thus are not as 
easy to work with as those that produce either no product or a drasti- 
cally rearranged product. 

For a long time, the identity of the two proteins coded by the rllA 
and rllB genes of phage T4 remained unknown. Now they are known 
to be membrane proteins of molecular weights 86,000 (r/M) and 
30,000 (r//B), both present in minor amounts. Unfortunately, still un- 
clear are their exact metabolic functions within T4-infected cells. 
Thus, for many years there has been a strong tendency to restrict 
intensive genetic analysis to those genes whose protein products are 
easy to isolate and whose metabolic or structural roles are well estab- 
lished. 

Recessive Genes Frequently 

Do Not Produce Functional Products 

Most mutant genes are recessive with respect to wild-type genes. 
This fact, puzzling to early geneticists, is now partially understood in 
terms of the gene-protein relationship. The recessive phenotype often 
results from the failure of mutant genes to produce any functional 
protein (enzyme). In heterozygotes, however, there is often present 
one "good" gene and, correspondingly, a number of "good" gene 
products. Because the wild-type gene is present in only one copy in 
heterozygotes, it is possible that there are always fewer good copies 
of the relevant protein in heterozygotes than in individuals with two 
wild-type genes. If this were the case, we might guess that the hetero- 
zygous phenotype would tend to be intermediate between the two 
homozygous phenotypes. Usually, however, this does not happen 
for one of two reasons. Either there are still enough good enzyme 
molecules to catalyze the metabolic reaction of concern, even though 
the total number of molecules is reduced, or the recessive gene is not 
noticeable because control mechanisms cause the single wild-type 
gene in a heterozygote to produce more gene product than does each 
wild-type gene in a homozygote. In Chapter 16, we shall discuss how 
the rates at which bacterial genes act arc controlled. 



Colinearity of the Gene 
and Its Polypeptide Product^ 

The best-understood example of the relationship between the order 
of the mutable sites in a gene and the order of their corresponding 
amino acid replacements involves the £. coli enzyme tryptophan syn- 
thetase, one of the several enzymes involved in tryptophan synthesis 
(Figure 8-10). This enzyme consists of two easily separated polypep- 
tide chains, A and B, neither of which is enzymatically active by itself. 
A large number of mutants unable to synthesize tryptophan lack a 
functional A chain in their tryptophan synthetase molecules. When 
these mutants were genetically analyzed, it was found that changes at 
a large number of different mutable sites could give rise to inactive A 
chains. Accurate mapping of these mutants revealed that they all 
could be unambiguously located on the linear genetic map shown in 
Figure 8-11. It was possible to isolate the inactive A chains frorn many 
of these mutants and to begin to compare their amino acid sequences 
with the sequence of the wild-type A chain, which contains 267 
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amino adds. This sequence allows us to see how the location of a 
mutation within a gene is correlated with the location of the replaced 
amino acid in its polypeptide chain product. Since both genes and 
polypeptide chains are linear, the simplest hypothesis is that amino 
acid replacements are In the same relative order as the mutationally 
altered sites in the corresponding mutant genes. This was most pleas- 
ingly demonstrated in 1964. The location of each specific amino acid 
replacement is exactly correlated with its location along the genetic 
map, a property called colinearity. Thus, successive amino acids in a 
polypeptide chain are controlled, or coded, by successive regions of a 
gene. 

Mutable Sites Are the Base 
Pairs Along the Double Helix 

In all bacterial genes extensively mapped, the large number of lin- 
early arranged mutable sites that have been found in each gene, and 
between which genetic recombination (crossing over) is possible, 
leaves us no choice but to conclude that these sites are the specific 
base pairs along- the DNA of the respective gene (Figure 8-12). A 
given mutable site can thus exist in any of four different states, AT, 
TA, GC, or CG. Many mutations are therefore likely to represent 
simple switches from one state to another. The genetic data that re- 
veal deletions and insertions of genetic material must now be thought 
of in terms of the addition or deletion of discrete blocks of one to very 
many base pairs. The three classes of mutations resulting from 
changes in the sequence of nucleotide bases are illustrated in Figure 

8-13. _ , 

By carefully studying the fine details of genetic maps, we should be 
able to obtain important information about the corresponding DNA. 
However, not every change in base sequence leads to easily observed 
changes in the corresponding protein. In the genetic code, many 
amino acids are specified by more than one codon (set of three adja- 



Figure 8-11 

Colinearity of the gene and its protein 
product. Here is the genetic mnp tor 
one-fourth of the gene coding for the 
amino ncid sequences in the £. fo// pro- 
tein tryptophan synthetase A. The des- 
ij^nntion 0.04, tor example, refers to 
map distances (frequencies of recombi- 
nation) between tryptophan synthelnse 
mutations A446 and A487. The num- 
bers in the amino acid sequence refer to 
their position in the 267 residutrs of the 
A protein. Following convention, the 
amino terminal end of the segment is 
on the left. 
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cent bases), which means that in many cases, base-pair substitutions 
will not lead to any amino acid replacements. Moreover, as .we docu - 
rnent later, many the aminn arid.s in profeins are not essential, and 
when they are replaced by somewhat similar amino acids, the pro- 
teins often retain full activit y. The number of observed mutable sites 
therefore seriously underrepresenls the number of base pairs within 
the corresponding gene. 

There Are Four Alternative 
Structures for Each Mutable S ite^- ^ 

As anticipated, enzymatically inactive tryptophan synthetase mole- 
cules resulting from independent mutations at the same mutable site 
(as shown by failure to give wild-type recombinants) do not always 
contain the same amino acid replacement. For example/ changes in a 
single mutable site that specifies the amino acid at position 213 results 
in the replacement of glycine by either glutamic acid or valine. Inspec- 
Hon of the genetic code (see Chapter 15) indicates that in the wild- 
type strain, this glycine must be specified by either GGA or GGG 
codons and that the mutable site under study specifies the G in the 
middle position of this codon. When this G is replaced by U, valine 
(GUA or GUG) becomes inserted into the glycine site while its re- 
placement by A generates the glutamic acid (GAA or GAG) substitu- 
tion. Further study of this particular mutable site might eventually 
turn up the anticipated third replacement in which a G to C switch 
leads to the appearance of alanine (GCA or GCG). 
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Figure 8-13 

Three classes of mutations result from 
introducing defects in the sequence of 
bases (A, T, G, C) attached to the back- 
bone of the DNA molecule. In one 
class, a bVse pair is simply changed 
from one into another (i.e., GC to AT). 
In the second class, a base pair is in- 
serted (or deleted). In the third class, a 
block of base pairs is deleted (or in- 
serted). 
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Single Amino Acids Are Specified 
by Several Adjacent Nucleotide Bases 

We expected to find that given annino acids within a particular protein 
are specified by adjacent mutable sites. This point was first demon- 
strated in the tryptophan synthetase A gene, where the relevant evi- 
dence came from study of the tryptophan synthetase fragment illus- 
trated in Figure 8-14. Treatment of the wild-type strain with a 
mutagen had given rise to mutant A23, in which arginine replaces 
glycine (this time at position 212), and mutant A46, in which glutamic 
acid replaces glycine at the same position. The difference between 
A23 and A46 does not represent changes to alternative forms of the 
same mutable site, since a genetic cross between A23 and A46 yields a 
number of wild-type recombinants (glycine in position 212). If these 
changes were at the same mutable site, no wild-type recombinants 
would be produced. Moreover, the very low observed frequency of 
the wild-type recombinants is compatible with the prediction from 
the genetic code that these mutable sites are adjacent to. each other. 

Additional genetic evidence that confirms the separate locations of 
the A23 and A46 mutable sites comes from observing how A23 and 
A46 themselves mutate upon treatment with mutagens. After expo- 
sure to a mutagen, both strains give rise to new strains, some of 
which contain active tryptophan synthetase A chains with glycine in 
position 212. These reverse mutations most likely involve changing 
the altered mutable sites back to the original wild-type configuration. 
However, strains containing active tryptophan synthetase also arise 
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Figure 8-14 

Demonstration that a single amino acid 
is specified by more than one mutable 
site. We now know that the mutable 
sites ar« DNA bases and the codons are 
actually bases complementary to these 
in mRNA. (After Emanual j. Murgola.) 
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ir\ which the amino acid in position 212 is replaced by another amino 
acid. Most significantly, the type of replacement differs for strains 
A23 and A46. Besides back-mutating to glycine, strain A23 mutates to 
threonine and serine, whereas A46 mutates to alanine and valine in 
addition to glycine. The failure of A23 ever to give rise to alanine, or 
valine and the failure of A46 ever to mutate to threonine or serine is 
very difficult to explain if their differences from wild type are based 
on alternative configurations of the same mutable site. But these mu- 
tational patterns make perfect sense if glycine at the 212 position is 
coded by GGA with the A23 mutation to arginine representing a G to 
A change at the first position of the codon to give rise to AGA and the 
A46 mutation to glutamic acid occurring at the middle (second) posi- 
tion to give rise to GAA. Their divergent subsequent mutations to 
serine and threonine and to alanine and valine, respectively, can also 
be understood by inspecting the genetic code (Figure 8-15). 



Single Amino Acid Substitutions 
Usually Do Not Alter Enzyme Activity 

The ability of a polype pt ide chain to bie enzymatically active does not 
require an exactly specified amino acid sequence . This is shown by 
examination of the new mutant strains obtained by treating strains 
A23 and A46 with mutagens. The possession of either glycine or ser- 
ine in position 212 yields a fully active enzyme, whereas threonine in 
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base change to the codon for Giu; like- 
wise, Ala and Val cannot result from 
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Arg. Therefore, the A23 and A46 mu- 
tants must occur from mutations at two 
different mutable sites, as shown in 
Figure 8-14. 
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the same position yields an enzyme with reduced activity, demon- 
strating that the activity of an enzyme does not demand a perfectly 
unique amino acid sequence (Figure 8-16). In fact, evidence now indi- 
cates that amino add replacements in many parts of a polypeptide 
chain can occur without seriously modifying catalytic activity. How- 
ever, one sequence may often be best suited to a cell's particular 
needs, and it is this sequence that is encoded by the wild-type allele. 
Even though other sequences are almost as good, they will tend to be 
selected against in evolution. 
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Evidence that many amino acid replace- 
ments do not result in loss of eruy- 
matic activity. 
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A Second Amin o Acid Replacement 
Ma y Cancel O u t "th e Ef fect of the First^^ 

The c onclusion ^^at rninor change s to amino acid sequence do not 
signif icantly alt e r enzyme activity is extended by the finding that 
some mutations that convert inactive mutant enzymes to active form s 
may work by cau sing a second amino acid replacement in the mutant 
e n zy m e ""ConsTd e r mutant A46, which produces inactive tryptophan 
synthetase because of the substitution of glutamic acid for glycine at 
protein 212. In this case, distant second-site mutations that result in 
the active enzyme occasionally emerge. For example, the second-site 
mutation A446 is located one-tenth of a gene length away from the 
first mutation. The double mutant A46A446 produces active enzyme 
molecules containing two amino acid replacements: the original 
glycine-to-glutamic acid shift and a tyrosine-to-cysteine shift located 
36 amino acids away (Figure 8-17). 

The second shift can be studied independently of the first by ob- 
taining recombinant cells with only the A446 mutation. Most interest- 
ingly the A446 change, when present alone, also results in an inactive 
enzyme. We thus see that a combination of two wrong amino acids 
can produce an enzyme with an active three-dimensional configura- 
tion. However, only occasionally do two wrong amino acids cancel 
out each other's faults. For example, double mutants containing A446 
and A23, or A446 and A187, do not produce active enzyme. At this 
time, it does not seem wise to speculate on how the various amino 
acid residues are folded together in the three-dimensional configura- 
tion and why only some combinations are enzymatically active. This 
kind of analysis must await the establishment of the three-dimen- 
sional structure of tryptophan synthetase. 

The Very Drastic Consequences of the^ 
Insertion or Deletion of Single Base Pairs^^'^" 

Early on in the analysis of mutant proteins, it became clear that the 
vast majority of mutants being isolated did not yield the minimally 
altered proteins, bearing single amino acid replacements, that would 
arise through the change of one type of base pair into one of its three 
alternatives. Instead, most mutants represented changes that led to 
drastically altered gene products, often containing many fewer amino 
adds and with many of their amino acid sequences bearing no rela- 
tionship to the wild-type polypeptide products. The nature of these 
mutants first became apparent through the proposal that such muta- 
tions usually represented either insertions or deletions of single nu- 
cleotide pairs. The drastic effect of these inserripn or deletion events 
is a consequence of the fact that mRNA molecules are read in succes- 
sive blocks of three nucleotides, called codons. AUG codons, which 
code for the methionine residues found at the amino terminal ends of 
newly synthesized polypeptide chains, are the signal for ribosomes to 
begin reading the mRNA molecule about to be translated into a pro- 
tein. Since reading always begins at the appropriate AUG condon, 
the mRNA molecules are aligned on the ribosomes so that their mes- 
sages are read in the correct reading frame. 

If, however, a single base pair is inserted or deleted in a coding* 
sequence, the triplets that designate amino acids become completely 
changed beginning at the site of insertion or deletion {Figure 8-18). 
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For example, if normnlly the gene sequence ATTAGACAC ... is 
rend as (A'rT)(ACA){CAC) . . . , then the insertion of a new nucleo- 
tide C in the fourth position of that sequence creates ATTCAGACAC, 
which is rend as (ATT)(CAG)(ACA)(C . . . ). These new triplets may 
code for entirely different amino acids. A similar consequence follows 
from a deletion. Moreover, the crossing of two deletion or two inser- 
tion mutants yields double mutants in which the reading frame is still 
misplaced. ... ^ 



Reversion of Insertion ox Deletion Mutants 

Active (or partially active) genes are regenerated by crossing ove r 
between an insertion and a nearby deletion. Such events restore the 
correct reading frame except in the short region between the muta- 
tions (see Figure 8-18). If the affected gene region is nonessenti al 
(e.g., the early section of the T4 rllB gene), then the resulting protei n 
product is fully functional. In other cases, the short segments ot inap- 
propriate amino acids are only mildly disadvantageous, and partial 
activity results. No activity, however, will usually be found if the 
inappropriate codons include any of the three that signify chain ter- 
mination (UAA, UAG, or UGA). Their presence inevitably results in 
incomplete fragments of the wild-type polypeptide. 

It is also sometimes possible to obtain furictional genes by produc- 
ing recombinants containing three closely spaced insertions or dele - 
tions (Figure 8-19) . In contrast, recombinants containing four nearby 
insertions or deletions produce only nonfunctional polypeptides. 
These later experiments were performed in 1961, before the basic out- 
lines of the genetic code were known. They in fact provided the first 
good evidence that the genetic code was likely to be read in groups of 
three as opposed to groups of two or four. 
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Figure 8-18 

Mutations that add or remove a base 
shift the reading frame of the genetic 
message. 
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Cloned Genes Can Be Sequenced^^"^^ 

Virtually all the essential features of the genetic code were deduced 
by 1966 from the coding properties of either enzymatically or chemi- 
cally synthesized mRNA molecules and from the accumulated knowl- 
edge of genetic fine structure that we have jiist detailed. No real 
genes were directly analyzed, however, since at that tirne there were 
no procedures either to sequence DNA or to isolate desired genes. 
But with the arrival of recombinant DNA and of powerful methods 
for DNA sequencing, the nature of genetic research has dramatically 
changed. No longer are g;enetic crosses the prime vehicle for probing 
genes. The quickest and most direct way to proceed is now the clon- 
ing and sequencing of relevant genetic material. As indicated in the 
previous chapter, it is now a relatively straightforward matter to iso- 
late any £. coli gene that codes for a function that can be selected for 
by one of the many enrichment procedures. 
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Polypeptide choin contains five incorrect amino ocids; its chain length is increased by one 
amino acid. It mo/ have some biologicol activity depending upon how the five wrong 
amino acids influence its 3-0 structure. 



Figure 8-19 

When three nucleotides are added dose . 
together, the genetic message is scram- 
bled only over a short region. The same 
type of result is achieved by the dele- 
tion of three nearby nucleotides. 



Already, a large number of £. coli genes have been completely or 
partially secjuenced. In all cases, the codons found to specify given 
amino acids are those predicted by the genetic code (Figure 8-20). 
This agreement between prediction and result, though inherently 
very satisfying, surprised no one, since the experimental evidence 
used to deduce the genetic code was effectively unassailable (see 
Chapter 15). Also as predicted, the coding segments of virtually all 
mRNAs start with the AUG codon and always conclude with a chain- 
terminating codon (UAA, UAG, or UGA). 

Untranslated Sequences at the 

Beginnings and Ends of mRNA Molecules^^"^^ 

When mRNA was first discovered, it seemed simplest to assume that 
the translation events would begin at one end of the molecule and 
then move along in steps of three nucleotides until the other end was 
reached. This was a very naive view, adopted before the discoveries 
that methionine initiates all polypeptide chains and that specific co- 
dons specify chain termination. Now we realize that untranslated 
sequences exist at both the 5' end of the mRNA, near which transla- 
tion begins, and at the 3' eiid, near which translation stops (Figure 
8-21). Hence, there must be internal signals in mRNA that mark the 
starting and stopping sites for translation. With the exception of a 
small purine-rich block of nucleotides that functions to position ribo- 
somes at the correct AUG start codon, the untranslated regions prob- 
ably play no role in translation and are of variable lengths, ranging 
from 20 to more than 100 nucleotides, depending on the particular 
mRNA species. 

These seemingly unnecessary extra sequences only make sense 
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Figure 15-8 

. Nucleotide sequences at the 3' ends of 
coding regions of mRNAs translated in 
£. coli. The stop codons are indicated 
by color boxes. Tandem stop codons do 
occur, but are rare. Likewise, when 
many mRNAs are compared, the aver- 
age distance from the terminator to the 
next in-frame stop codon is about as 
expected on a random basis. [After 
J. Kohli and H. Grosjean, MoL Gen. 
Genetics 182 (1981):430.] 
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entially used to end polypeptide coding regions. Now that the nucle- 
otide sequences at the ends of a number of E. coli genes have been 
elucidated, it is clear that UAA is the preferred, but by no means 
exclusive, signal. In most cases, orJy a single stop codon appears. But 
some genes end with two or even three successive stop signals 
(Figure 15-8): The presence of more than one stop codon may be a 
precaution against the rare case in which the first codon fails; but why 
this device is used only occasionally is unclear. For example, in the 
RNA phages, homologous coat protein genes terminate with either 
one stop codon (in phage Q^) or two stop codons (in phages R17 and 
MS2). 



Nonsense Versus Missense Mutations^^' 

An alteration that changes a codon specific for one amino add to a 
codon specific for another amino add is called a missense mutation. 
The change to a chain-termination codon is known as a nonsense 
mutation. Given the existence of only three chain-termination co- 
dons, most mutations involving single-base replacements (point mu- 
tatioiis) are likely to result in missense rather than nonsense. Since a 
new protein arising by missense mutation contains oi\ly a single 
amino add replacement, it frequently possesses some of the biologi- 
cal activity of the original protein. Often, -missense proteins fail to' 
function only at higher than normal temperatures and are therefore 
known as temperature-sensitive mutations (Chapter 7). Many of the 
abnormal hemoglobins (see Figure 3-12) are the result of missense 
mutations. Amino add replacement data obtained from these 
changed hemoglobin molecules strongly support the idea that these 
mutations result from the substitution of single nudeotides. 



Nonsense Mutations Produce 
Incomplete Polypeptide Chains^^' 

When a nonsense mutation occurs in the middle of a genetic mes- 
sage, an incomplete polypeptide is released from the ribosome owing 
to premature chain termination. The size of the incomplete polypep- 
tide chain depends on the location of the nonsense mutation. Muta- 
tions occurring near the beginning of a gene result in very short frag- 
ments, while mutations near the end produce fragments of almost 
normal length. Most incomplete chains have no biological activity, 
making most nonsense mutations in vital genes easily detectable. In 
contrast, the majority of missense mutations have some biological 
activity and can be easily overlooked. Thus, after treating E. coli with 
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Suppressor Mutations Can Reside 
in the Same or a Different Gene^^"^^ 



Often, the effects of harmful mutations can be reversed by a second 
genetic change. Some of these subsequent mutations are very easy to 
understand, being simple reverse (back) mutations, which change an 
altered nucleotide sequence back to its original arrangement. Much 
more difficult to understand are the mutations occurring at different 
locations on the chromosome that suppress the change due to a muta- 
tion at site A by producing an additional genetic change at site B. 
Such suppressor mutations fall into two main categories: those occur- 
ring within the same gene as the original mutation but at a different 
site in this gene (intragenic suppression) and those occurring in an- 
other gene (intergenic suppression). Genes that cause suppression of 
mutations in other genes are called suppressor genes. 

Now we realize that both types of suppression work by causing the 
production of good (or partially good) copies of the protein made 
inactive by the original harmful mutation. For example, if the first 
mutation caused the production of inactive copies of one of the en- 
zymes involved in making arginine, then the suppressor mutation 
allows arginine to be made by restoring the synthesis of some good 
copies of this same enzyme. However, the mechanisms by which 
intergenic and intragenic suppressor mutations cause the resumption ' 
of the synthesis of good proteins are completely differjent. 

Those mutations that can be reversed through additional chanp;^ 
in the same gene often involve insertions or deletions of single nucle - 
otides. These shift the reading frame (Chapter 8) so that all the co- 
dons following the insertion (or deletion) are completely changed, 
thereby generating new amino acid sequences. Often, the shifted 
reading frame will contain nonsense codons, and as a result, prema- 
turely terminated polj^eptides will be produced by the mutant cell. 
Intragenic suppression may occur when a second mutation deletes 
(or inserts) a new nucleotide near the original change and thus re- 
stores the original codon arrangement beyon^i the second change 
(Figure 15^9) . Even though there are still scrambled codons between 



Figure 15-9 

Intragenic suppression of a nucleotide 
deletion or insertion mutation, (a) The 
effects of a single-nucleotide deletion 
mutation upon the reading of the ge- 
netic message, (b) The mechanism by 
which a nucleotide addition mutation 
can suppress the h^voc caused by the 
previous deletion mutation. In a similar 
way, the effect of a nucleotide addition 
could be overcome by a subsequent 
nucleotide deletion. 
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the two changes, there is a good probability, because of degeneracy, 
that the scrambled codons all code for some amino add. If so, full- 
length, often functional proteins may be produced. 

When the original mutation is a missense mutation, intragenic sup- 
pression can also result from a second missense mutation. In these 
cases, the original loss of enzymatic activity is due to an altered three- 
dimensional configuration resulting from the presence of a wrong 
amino acid. A second missense mutation in the same gene brings 
back biological activity if it somehow restores the original configura- 
tion around the functional part of the molecule. An example of this 
type of suppression in the tryptophan synthetase system was shovm 
in Chapter 8 (see Figure 8-17). 



Suppressor Genes Upset the 
Reading of the Genetic Code^^'^^'^^-^^ 

Suppressor genes do not act by changing the nucleotide sequence of a 
mutant gene. Instead, they change the way the mRNA template is 
read. There are a number of different suppressor genes in E. coli. 
Since each causes the misreading of a specific nonsense or missense 
codon, suppressor genes can reverse the effects of only a small frac- 
tion of the point mutations that might arise v^thin a given gene. For 
example, if we collect a large number of mutations blocking the syn- 
thesis of the enzyme jS-galactosidase (Chapter 16), only several per- 
cent of these mutations will be suppressed by suppressor gene a. 
These few mutations will have nucleotide replacements in codons 
whose reading is specifically altered by gene a. Similarly, a com- 
pletely different small fraction of j3-galactosidase mutations can be 
suppressed by suppressor gene b. Thus, we see that specific codons 
are misread by specific suppressor genes. 

On the other hand, since each suppressor gene causes the misread- 
ing of a specific codon, it is easy to understand how a given suppres- 
sor gene can suppress mutations in a number of different protein- 
coding genes. For example, the ability to synthesize both arginine 
and tryptophan in certain double mutants unable to make either 
amino add can be restored by the presence of a single suppressor 
gene. We merely need to postulate tiiat both tiiese growth require- 
ments are caused by the same specific codon change to missense or 
nonsense. 



Nonsense Suppression Involves Mutant tRNAs^^"^^ 

There are suppressor genes for each of the three chain-terminating 
codons. They act by reading a stop signal as if it were a signal for a 
specific amino add. There are, for example, three well-characterized 
genes that suppress the UAG codon. One suppressor gene inserts 
serine, another glutamine, and a third tyrosine at the nonsense posi- 
tion. In each of the three UAG suppressor strains, the anticodon of a 
tRNA spedes specific for one of these amino adds has been altered. 
For example, the tyrosine suppressor arises by a mutation within a 
tRNA'^y^ gene that changes the anticodon from 3'-AUG-5' to 3'-AUC- 
5', thereby enabling it to recognize UAG codons (Figure 15-10). The 
serine and glutamine suppressor tRNAs also arise by single-base 



